Abstract
Since the first report of WSSV in 1993, the major concern of world aquaculture industry has 26 been to stave off this disease emerging in aquaculture settings [3] . There is increasing 27 evidence based on laboratory trials that the administration of antigens or immunostimulants is 
32
Several investigations suggest that the administration of recombinant WSSV proteins, 33 particularly VP28, imparts a form of immune stimulation, described as immune priming, 34 resulting in increased survival of shrimps in subsequent virus infections [6] . VP28 is the 35 major envelope protein of WSSV that expedites entry of the virion into shrimp cells [7] . The 36 mRNA transcription of WSSV genes was delayed for 4~10 days in various organs of shrimp 37 vaccinated with recombinant VP28 (rVP28) [8] . However, the underlying mechanism by 38 which rVP28 activates the shrimp defense system remains unknown.
39
The crustacean immune system eliminates pathogens very efficiently through humoral anti-apoptotic proteins, pattern recognition receptors (PRRs) revealed its specific roles in 45 shrimp defense system and in disease process [9] . Shrimps evolved to use diverse 46 antimicrobial peptides (AMPs) and proteins with diversity in structure and function as the two batches administered with rVP28P in PBS (rVP28P 1 and rVP28P 2) served as the tests.
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All the animals were starved for 6 hr and offered PBS and rVP28P dissolved in PBS as primer sequences for each target gene and its source are presented in Table 2 .
162
Shrimp elongation factor-5A (EF-5A) was used as the reference gene based on its 
Statistics

168
Statistical analyses were performed using GraphPad Prism 6 (GraphPad Software 
Results
175
Expression and purification of rVP28P
176
The WSSV vp28 gene was cloned and expressed in E. coli BL21. The VP28 protein respectively were visualized in an SDS-PAGE stained with Coomassie Blue G-250 (Fig.1a) .
182
The truncated rVP28P expressed in large quantity as soluble protein was further purified
using Ni-NTA affinity chromatography, and eluted in 250 mM imidazole (Fig.1b) . The 184 purified and dialyzed rVP28P exhibited reactivity with antibodies to His6X (Fig.2a) (Fig.2b) . The reduced expression of vp28 indirectly evidenced the low proliferation of
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WSSV in the rVP28P administered shrimps. caspase transcripts were found up-regulated in the rVP28P administered animals on 2 nd dpa.
200
However, it was low in both administered and non-administered groups on 5 th and 8 th dpa.
201
( Fig.3a) . Crustin was up-regulated in the rVP28P administered group on 8 th dpa (Fig. 3b ).
202
Expression of penaeidin was high on 2 nd dpa without any variations on other two time points,
203
as shown in Fig. 3c . Peneidin transcripts were up regulated in rVP28P administered group on 204 2 nd dpa compared with that of the control group (Fig. 3c) (Fig. 4a) . STAT expression was high on 8 th dpa (Fig. 4b) . Low level expression of
209
TLR was observed on 8 th dpa compared with that of the control (Fig. 4c) . C-type lectin 210 exhibited up-regulation on 8 th dpa in the rVP28P administered animals ( Fig. 4d ) with no 211 variation between administered and control groups at any time points.
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Among the seven immune-related genes analyzed, caspase, penaeidin, crustin, dpc. The unchallenged animals (negative) exhibited no mortality (Fig. 5) . 
Discussion
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In the present study, we conducted an investigation of the gene expression pattern in The innate immune system of shrimps recognizes and binds to specific patterns on the 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
316
The present study suggested significant up-regulation of caspase, penaeidin, crustin, 
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Highlights
• WSSV recombinant envelope protein VP28 was produced as truncated protein and its immune modulatory effects were assessed at molecular level.
• Purified rVP28P was formulated as oral vaccine and administered to shrimp juveniles.
• Up-regulation of syntenin caspase, penaeidin, crustin, astakine, syntenin, PmRACK, Rab7, STAT and C-type lectin after the administration of rVP28P points to the ability of rVP28P to modulate the shrimp immune system.
• Lesser expression of WSSV gene vp28 in the protein administered animals and delayed mortality of animals in the subsequent viral challenge reveals the efficacy of rVP28P as a vaccine.
